The authors expand upon previous studies, analyzing visible wavelength spectral properties of 35 near-Earth asteroids (NEAs) ~3 km in diameter to search for parent bodies of ordinary chondrites (OCs). There are two major conclusions: (1) six of the observed NEAs are spectrally similar to OC meteorites, and (2) the observed NEAs span the spectral range between OC meteorites and S-type asteroids, suggesting that there is no definite "Q-type" and that S-type asteroids may represent space weathered OC meteorites.
Impact Jetting as the Origin of Chondrules (Johnson et al., 2015)
Adeene Denton
In A Sentence: While previous views have held that chondrules are the initial beginnings of the planets, the authors use numerical modeling to show that chondrules can be produced through ejected melt from high-velocity impact of planetesimals in the early solar system. Main Findings/Methods: The authors use the iSALE hydrocode to simulate vertical impacts for different impactor sizes, impact velocities, porosities and material strengths, finding that impact jetting (the process by which chondrules would be ostensibly produced in this regime) requires impact velocities greater than 2.5 km/s. To produce primitive chondrules, the surface of the colliding planetesimals must be undifferentiated, following the onion shell model. The authors then use the GAME (Growth And Migration of Embryos) Monte Carlo accretion code for the minimum mass solar nebula (MMSN) and 3MMSN to determine that chondrule-forming impacts occur 103-104 years into the simulation, given a preexisting size of solid bodies from 100-1000 km in diameter. The chondrule-forming impacts begin closer to the sun and move outward over time, along with increasing impact velocity, such that increasingly more material is ejected. As such, they predict that chondrites formed farther away should have more matrix material (as more material is ejected overall). The paper's predictions of chondrule masses produced from impacts are enough to produce all of the current chondrule abundance provided that 3MMSN is used. The authors further analyze the average cooling rates of chondrules per impactor size, which match the range of rates predicted by their igneous textures. Variations in chondrules within a chondrite type could be the result of turbulence, chondrule-chondrule mixing, or mixing between target and projectile compositions that occur during jetting. Fig. 1 shows a Chondrules: Kessel et al., 2007 Discussion Leader: Rachel Sheppard Summary: Authors seek to understand how the maximum metamorphic temperature and subsequent cooling rate experienced by equilibrated ordinary chondrites relate to their chemical (H/L/LL) and petrologic (Types 4-6) classification. They develop an olivine-spinel thermometer for ordinary chondrites by measuring Fe and Mg partitioning in adjacent olivine and spinel grains.
Important methods, figures, and findings:
Previous work has assumed that increasing petrologic type from Type 4 to Type 6 corresponds to higher peak metamorphic temperature. There are two end-member models for understanding peak metamorphic temperature and cooling rates on a parent body. The first is the onion shell model where peak metamorphic temperature, petrologic type, and source depth within the parent body are all correlated. Thus, more thermally altered ordinary chondrites were sourced from deeper in the body, reached higher peak metamorphic temperatures and cooled more slowly. The second is the rubble pile model, where parent bodies were disrupted while still hot and re-accreted, leading to two uncorrelated periods of cooling before and after the disruption. Distinguishing between these two models is important for understanding conditions a chondrite has been exposed to. The authors use thin sections and chemical measurements to develop an olivine-spinel thermometer. They then measure a preserved temperature (Fig. 1) in a suite of ordinary chondrites with mineralogical (H, L, LL) and petrographic (types 4-6) variety. Maximum temperature increases with petrographic type for H and LL chondrites, but the di↵erence between Type 4 and Type 6 is small (less than 100 o C).
They then consider whether this recorded temperature is peak metamorphic or retrograde. Based on the correlation of measured temperature with spinel grain size (Fig. 2) , they conclude that large grains preserve a temperature closer to peak metamorphic T with a small range, while small grains continued to re-equilibrate during cooling and wider record a They conclude that H chondrites experienced peak temperatures hundreds of degrees higher than previously thought, that their measured temperature is a function of spinel grain size, and that cooling rates are not diverse enough to support the onion shell model. H, L, and LL chondrites all show a correlation between increasing petrologic type and measured temperature. The variation seen might support ordinary chondrites being sampled from a region of rapid transition such as the base of a regolith.
